To observe the influence of intestinal microbes on energy metabolism, male ICR strain germ-free (GF) mice, gnotobiotic (GB) mice , produced from GF mice monocontaminated with Staphylococcus epi dermidis (Staph.) at three weeks of age, and conventional (CV) mice were used. Metabolizable energy, heat production and net energy (gain) per mouse were measured for three weeks when the mice were given 5 Mrad 60Co irradiated purified whole-egg protein diet from 5 to 8 weeks of age. With respect to metabolizable energy and heat production per mouse or per kg of metabolic body size for three weeks , CV mice gave the highest values, followed by GB and GF mice . CV mice showed the highest net energy (gain) followed by GF mice , with GB mice having the lowest value.
Summary
To observe the influence of intestinal microbes on energy metabolism, male ICR strain germ-free (GF) mice, gnotobiotic (GB) mice , produced from GF mice monocontaminated with Staphylococcus epi dermidis (Staph.) at three weeks of age, and conventional (CV) mice were used. Metabolizable energy, heat production and net energy (gain) per mouse were measured for three weeks when the mice were given 5 Mrad 60Co irradiated purified whole-egg protein diet from 5 to 8 weeks of age. With respect to metabolizable energy and heat production per mouse or per kg of metabolic body size for three weeks , CV mice gave the highest values, followed by GB and GF mice . CV mice showed the highest net energy (gain) followed by GF mice , with GB mice having the lowest value.
In a previous report (1) , to observe the role of intestinal microbes , especially Staphylococcus epidermidis (Steph.), on body composition , the constituents of the carcasses of germ-free (GF), Staph. monocontaminated gnotobiotic (GB) and conventional (CV) mice were compared.
The purpose of this investigation was to measure the influence of intestinal microbes and Staph. on energy metabolism in mice .
EXPERIMENTAL
The diet, animals, rearing procedures and analytical methods for the samples were the same as in a previous report (1), i .e., six each of male ICR strain GF, GB and CV mice fed an autoclaved CL-2 diet were killed by etherization at the age of five weeks (B5 mice), and the gross energy of the carcass, excluding the gut contents, was measured (Shimadzu-Nenken Recording Bomb Calorimeter CA-2) . These GB mice were prepared from GF mice monocontaminated with Staph. at three weeks of age. The remaining six mice in each group were reared individual ly in metabolism cages and fed the irradiated purified whole-egg protein diet. All urine and feces were collected. At the age of eight weeks, the mice were killed by etherization and the gross energy of the carcasses were measured individually (B8 mice). The gross energy of feces and urine per mouse for three weeks was also measured.
Metabolizable energy, i.e., energy utilized by mice, was calculated by deducting the total gross energy in excreta from the total energy intake for three weeks . The retained energy, i.e., the difference between the gross energy of the carcasses of B8 and B5 mice, was expressed as net energy (gain) (2, 3) . Heat production was obtained as metabolizable energy minus retained energy. On the assumption of 74.63 kcal per day per kg of metabolic body size in reference to the data of BRODY (4) and DAVIS et al. (5, 6) , the basal metabolism for three weeks for each mouse was conjectured. The heat increment was obtained from the difference between heat production and basal metabolism.
RESULTS
Energy metabolism per mouse for three weeks is shown in Table 1 . There were significant differences in metabolizable energy and heat production among the mice (GF vs GB and CV, GB vs CV: P<0.001).
Net energy of CV mice was higher (CV vs GF: P<0.02, CV vs GB: P<0.01) than that of the other mice and GB mice showed the lowest value (GB vs GF: P<0.05). Heat increment, which Heat production, basal metabolism and heat increment per 100 kcal of meta bolizable energy, and basal metabolism and heat increment per 100 kcal of heat production are shown in Table 2 . Heat production per metabolizable energy of GB mice was higher (P<0.01) than that of GF and CV mice. However, there were no differences between GF and CV mice. Calculated basal metabolism per unit metabolizable energy of GF mice were higher than that of GB and CV mice. However, the heat increment of GF mice was lower (P<0.001) than that of GB and CV mice. The results of net energy showed the reverse tendencies to heat production (GF and CV vs GB: P<0.01).
In basal metabolism per unit heat production, GF mice showed the highest values and heat increment gave the opposite results to basal metabolism. Fig. 1 . Mean of energy metabolism for three weeks per kg metabolic body size in germ-free, Staphylococcus epidermidis monocontaminated gnotobiotic and conventional mice. GF, germ-free mice; GB, Staphylococcus epidermidis monocontaminated gnotobiotic mice; CV, conventional mice; ME, metabolizable energy; HP, heat production; BM, basal metabolism; HI, heat increment; NEg, net energy (gain).
The means of energy metabolism per unit of metabolic body size for three weeks are shown in Fig. 1 . Metabolizable energy, heat production and heat increment of CV mice showed the highest values (CV vs GF and GB: P<0.001) and GF mice had lowest value (GF vs GB: P<0.01).
In net energy, CV mice also showed the highest value (CV vs GF: P<0.05, CV vs GB: P<0.01), but GB mice gave lower values than those of GF mice (P<0.05).
The relationship between metabolizable energy and heat production per kg of metabolic body size for three weeks is shown in Fig. 2 . A linear relationship was seen in GF and CV mice, but the results of the GB mice deviated slightly . This relationship was found to be Y=0.89X+1.2 (except GB mice), where Y is heat production (kcal) and X is metabolizable intake energy (kcal). 
DISCUSSION
In the series of previous experiments using the balance method (7-9), ap parent digestibility of ingested protein in GF mice was superior to that of CV mice, and nitrogen (N) retention of CV mice was higher than that of GF mice. There fore, it can be considered that intestinal microbes play an useful role in the utili zation of dietary N. GF mice were mono or polycontaminated by five kinds of bacteria, Bacteroides sp., Escherichia coil (E, coli), Lactobacillus sp., Staph. and Streptococcus faecalis, and digestibility and N retention were compared before and after contamination. When Staph. was used as the contaminated bacteria and it was sufficiently established in the host mice, N retention was greater than before contamination (GF state). Next, in the other experiment, the body N of CV and Staph. monocontaminated GB mice per 100g of body weight was higher than that of GF and E. coli monocontaminated GB mice, and the rank was CV, Staph. GB, E, coli GB and GF mice (10) . In cases of metabolizable energy and heat production per mouse and per kg of metabolic body size for three weeks, CV mice showed the highest values and the rank was CV, GB and GF mice in that order. The heat increment also showed the same tendencies as above. This means that more energy might be required because of the presence of intestinal microbes and at the same time, that heat production is greater than in GF mice. LEVENSON et al. (11) measured the oxygen consumption, carbon dioxide production and rectal temperatures of litter-mate GF and conventionalized Fischer rats fasted for 16-20 hr. The O2 consumption and CO2 production per kg of body weight or per kg of body weight, excluding gut contents, were significantly lower in GF rats (15-20%, P<0.01) than those of con ventionalized rats. The rectal temperatures of the GF rats were also significantly lower than those of the conventionalized rats in most experiments. LEVENSON et al. (11) also reported that GF rats monocontaminated with E. coli showed a prompt increase in O2 consumption and CO2 production while those fed heat killed E. coli or monocontaminated with Clostridium welchii or Bacteroides (an aerobes) showed no increase in metabolic rate. Neomycin fed to E. coli mono contaminated rats resulted in decreased O2 consumption and CO2 production.
As mentioned previously (1), the lipid accumulation of GB mice was lower than that of GF mice, and the accumulated energy in the bodies of GB mice was also lower than that in GF mice. In this report, the retained energy per mouse for three weeks was taken as the net energy (gain) of the experimental period. The reason for the lower net energy (gain) of GB mice appears to be that Staph. acts to impede body lipid accumulation, but the details of this finding are obscure. However, body N accumulation in GB mice was higher than that in GF mice. Net energy (gain) is influenced by the amount of body lipid because gross energy of body lipid was higher than that of body protein. From these results, it was con cluded the intestinal microbes might affect energy metabolism of mice.
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